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A dramatic paradigm shift in American law occurred in 1970, as Congress began to target hazardous waste, water pollution, and protection
of endangered species with sweeping new legislation (Lazarus 2004).
Preceding this new era of environmental protection, federal policies
had already begun to shift resource use from private interests for economic development to conservation and preservation by and for the
public. This shift in U.S. policy was preceded by subtle shifts in the
way that scientists, policy makers, and the public viewed and conceptualized the natural environment. In particular, changing conceptions
of the naturalness of ecosystems, humans' ability to affect ecological
processes, and the manner in which ecological systems function preceded the emergence of new environmental laws (Lazarus 2004). Early
environmental laws in the United States were dominated by optimism
and the belief that technology would be able to "fix" environmental problems, and many of these laws were successful at addressing
numerous environmental issues (Lazarus 2004). Growing recognition
of the inherent uncertainty associated with the dynamics of ecological
systems and their often nonlinear and surprising behavior, however,
presents a set of problems outside the scope of classic environmental
law and has led to a fundamental understanding about the interaction
of environmental law and ecological systems: rigid legal standards are
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largely incompatible with our current understanding of the dynamics
of social-ecological systems. Nature is not static, and thus environmental law should be adapted to reflect our current understanding of
nature. The chapters in this volume have deeply considered this nexus
of law and social-ecological resilience. The authors have considered
how legal systems can be made more resilient, and how laws might be
configured to foster resilience in social, ecological and social-ecological systems.
Zellmer and Anderies (chapter 1) opened the volume with an assessment of the history and current state of wilderness preserves in the
United States. They characterized wilderness laws and policies within
the context of resilience theory. Adaptation, a key attribute of resilience,
will sometimes require active intervention in "untouched" wilderness
preserves. Zellmer and Anderies argued that intervention in wilderness
areas should only proceed if there is sufficient understanding of the system; if the intervention will likely improve system function; and if the
human intervention is restricted to a limited period of time. Allowing
active intervention only after meeting these three conditions will enable
wilderness preserves to maintain their significance and also serve as
part of a broader strategy to manage for resilience.
Benson and Hopton (chapter 2) analyzed the legal frameworks and
institutions that can accommodate a resilience-based approach to biodiversity protection. They accomplished this by conducting an overview
of the history and the current state of wildlife management and biodiversity protection in the United States. ~enson and Hopton asserted
that the Endangered Species Act of 1973 is one of the most controversial environmental laws because of hard deadlines built into its process.
Each step in the process (e.g., critical habitat designation) is subject to
litigation if the government does not meet hard deadlines. Such a system of hard deadlines could be a starting point for setting thresholds for
systems-based regulations that foster resilience, as opposed to speciesspecific rules. Importantly, legal thresholds must be linked to monitoring thresholds that explicitly incorporate leading indicators, modeling,
and scenario planning. Benson and Hopton concluded that the current
legal framework in the United States is in need of reform, and they provided recommendations for legal and institutional reform that allows
for resilience-based management of biodiversity.
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Glicksman and Cumming (chapter 3) provided an analysis of the
management of parks, refuges, and preserves for resilience. They argued
that there is now broad consensus that resource management laws need
to shift to fostering and managing for resilience. Their analysis found
that the emphasis in the law on preservation acts as a barrier to managing for resilience. The obstacles to cooperative environmental management between U.S. federal agencies that may have different statutory
mandates further complicates the capacity of the current legal milieu
in the U.S. for resilience-based governance. Glicksman and Cumming
concluded that while there is some flexibility in current law that is being
utilized, the current legal framework was developed under the assumption of a "balance of nature" that is not in concert with ecological reality.
Thus, statutory and administrative reforms are necessary for resiliencebased management of parks, refuges, and preserves. For example, they
suggested that thresholds linked explicitly to requirements for management interventions are necessary and made reference to the state of
Oregon's storm sewer program. In the Oregon program, storm sewer
permit holders must meet threshold water quality standards, and if
they do not, an adaptive management process is triggered that requires
active management action to meet storm water quality goals (Dunn and
Burchmore 2007). Another possible reform is for the federal government to make payments to private landowners to guarantee that landowners will not engage in activities on their land that have the capacity
to erode resilience. With any legal reform, the reform will need to be
broad-scale in nature in order to cope with cross-scale environmental
problems and manifest resilience-based governance.
Craig and Hughes (chapter 4) explored the governance of the oceans
as it relates to marine protected areas, spatial planning, and resilience.
The oceans, and the larger marine environment, have largely been
neglected by researchers and policy makers, perhaps because they are
so expansive and are seen as incapable of being driven into degraded
regimes by the variety of threats they now experience. Marine systems
are also largely "out of sight, out of mind;' and that may contribute to
the lack of attention on the mounting problems faced by these systems.
Craig and Hughes identified the fragmentation of regulatory authority
as the critical governance challenge for these systems. They concluded
that coastal nations could foster resilience in marine ecosystems by
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incorporating place-based marine management (e.g., marine protected
areas) into their governance regimes.
Cosens and Stow (chapter 5) asserted that there are two areas of law
that must be reformed if the goals of the Clean Water Act of 1972 (Federal
Water Pollution Control Act 1972) are to be met: fragmentation of policy
and addressing uncertainty in the data that policy is based upon. Rather
than proposing new forms of governance, Cosens and Stow proposed
process changes and legal reform as a means of integrating water governance. One suggested reform is to allow experimentation at small scales,
which does not have the same degree of risk as implementing new policy
at large scales. Second, while administrative law and institutional structure cannot require the types of individuals involved in a process, they can
be reformed to maximize diversity, which provides a greater chance of
including leaders and connectors in the process. Finally, Cosens and Stow
argued that coordination and communication should be a legal requirement assigned to a specific position within an organization's part of the
social-ecological system and that funding must be provided for monitoring of these proposed changes to watershed governance.
Green and Perrings (chapter 6) summarized the principles governing international water allocation, analyzed several water allocation
frameworks, discussed other mechanisms for treaty design, and offered
the concept that treaties can integrate adaptive management to foster
resilience. Their analysis of social-ecological resilience concluded that
treaties must create the institutional capacity to manage conflicts and
integrate iterative governance mechanis~s. Green and Perrings suggested that this reform is likely best served by the establishment of joint
water commissions bound to implementing adaptive management.
Ruhl and Chapin (chapter 7) emphasized that the resilience of ecosystems and the resilience of policy are two different animals, and the
resilience of one does not guarantee the resilience of the other. They
examined whether the emerging theory of ecosystem services provides a useful approach for building resilience into ecosystems and
policy. Ecosystem services theory expands the economic understanding of ecosystems and ecosystem processes, and as this becomes more
important, social-ecological resilience will likely be fostered. Ruhl and
Chapin concluded by offering suggestions regarding areas in which ecosystem services theory can support the resilience of ecosystems and the
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resilience of ecosystem policy, but they also noted areas in which it may
be counterproductive.
Camacho and Beard (chapter 8) contended that existing government
institutions lack the adaptive capacity to effectively manage a problem
as complex as climate change. Regulators and managers lack information on effects of and management strategies for climate change and the
institutional infrastructure to obtain this critical information. Camacho
and Beard suggest that a federal, publicly accessible, system-wide information portal and clearinghouse will improve the institutional capacity to adapt to climate change. This reform, combined with incentives
to encourage the adoption of adaptive management and institutional
monitoring (Le., monitoring of administrative, legal, and management
institutions), should help to improve adaptive capacity and therefore
foster social-ecological resilience.
Ebbesson and Folke (chapter 9) made the case that the legal jurisdictions currently drawn do not allow for the adequate management of
transboundary international matters, many of which are global in nature.
They contended that in order to account for cross-scale interactions,
which have the capacity to affect the entire biosphere, it may be necessary to relax the distinction between private and public interests for
access to judicial review. Ebbesson and Folke also touted international
treaties and institutions, despite their shortcomings, as demonstrating
that adaptation in response to the scale and scope of environmental
matters is possible. The establishment of effective international regimes
is critical for fostering social-ecological resilience across the borders of
nation-states. Ebbesson and Folke contended that polycentric governance, while not perfect, is also a key aspect to legal resilience building,
as it allows for a diversity of actors and stakeholders (e.g., civil society
organizations) to be part of the process.
Eason, Flournoy, Cabezas, and Gonzalez (chapter 10) proposed two
new laws to incorporate resilience and innovation into American law
and policy: the National Environmental Legacy Act (NELA) and the
Environmental Competition Statute (ECS). They provided an analysis
of both model laws based upon recent sustainability research in the
United States. These authors looked at the problem of resilience and
law as one that will require new law in order to manifest a transition to
sustainability. They analyzed the two model statutes (NELA and ECS;
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Flournoy and Driesen 2010) by testing the specifics of the acts against
publicly owned natural resources (NELA) and decision making in the
private sector (ECS). NELA is designed to create the conditions necessary to allow for sustainable use of public natural resources. Eason and
colleagues built upon NELA by assessing how quantitative indicators
and metrics of resilience and sustain ability can aid in meeting the goals
of NELA. The authors also characterized how ECS could promote sustainability in the chemical sector of the economy by encouraging competition and innovation to further a sustainability paradigm.
Arnold and Gunderson (chapter 11) undertook the task of proposing a system of adaptive law, necessary because legal decision-making
detached from the dynamics of social-ecological systems is likely to result
in adverse consequences. They contended that an adaptive system of law
has multiple goals, is multimodal and integrated, has the capacity to adapt
to context, and has iterative legal processes with accountability. They proposed that their adaptive law framework should be tested via case studies.
Case studies draw upon qualitative and quantitative research and should
be trans disciplinary in structure in order to generate the type of information necessary to affect resilience-based governance.
The contributors to this volume have offered a variety of proposals
that seek to foster the resilience of social-ecological systems and the legal
system. These proposals range from small-scale to large-scale reform of
law to entirely new law for resilience-based governance. The common
ground among the authors' views is the recognition of the importance
of adaptability (Le., adaptive management and adaptive governance), the
significance of thresholds for resilience-based governance, and the need
for multiscalar resilience strategies. In the following sections, we expand
upon those themes and synthesize our perspective with the chapters
in this volume, and then offer recommendations for the integration of
social-ecological resilience and law.

The Critical Role of Adaptive Management
and Adaptive Governance

Adaptive management is a method of integrating learning into the management process by designing management to test theories of ecological
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causation and response. Adaptive management follows from resilience
theory, because it provides a framework to learn about the systems
being managed while they are being managed, in a way that is safe to
fail, that is, in a manner that is unlikely to push the system being managed over a tipping point. This entails an iterative process of decision
making designed to identify and reduce uncertainty and the inevitability
of "surprise" (Le., nonlinear change) into the management process (Benson and Garmestani 2011). Monitoring is an essential aspect of adaptive management, as information from the system (Le., monitoring data)
feeds back into the management process in an iterative manner that
allows managers to adapt to changing circumstances associated with
managing ecosystems. Thus, management interventions are hypotheses
to be put "at risk" in an adaptive management framework, and information that allows for learning is generated to improve management decisions (Garmestani et al. 2009).
Adaptive management is not a front-end exercise but rather an interdisciplinary iterative process of identifying uncertainties in management
actions and feeding that information back into the management process
to improve environmental management (Karkkainen 2005). Within this
context, local-scale innovations have the capacity to scale up and generate larger cross-scale change in environmental management (Karkkainen 2005). As Karkkainen (2005) so eloquently states, the question is
not how much we allow agencies to depart from a management action,
but when do we allow agencies to depart from a management action.
The answer is that departures are allowed with improvements in our
understanding of system dynamics. Thus, administrative law should be
reformed in order to create ~ynergy between science and the law (Karkkainen 2005). In particular, he offers that administrative law could allow
for an "adaptive management track" for adaptive management projects,
in which a new set of administrative law standards specific to adaptive
management would hold precedence.
Adaptive governance theory builds on that theme by incorporating
formal institutions, informal groups (e.g., networks), and individuals
at multiples scales for integrated environmental management (Folke et al.
2005), and by requiring collaboration amongst diverse stakeholders;
communication between stakeholders; flexible, nested institutions; and
adaptation in response to social and ecological monitoring (Plummer
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and Armitage 20l0). Adaptive governance links collaboration with an
iterative process of learning and recalibrating the governance process
(Plummer and Armitage 2010). Law, policy, bridging organizations,
and polycentric institutions are also important aspects of adaptive governance, producing networks that can increase political and financial
support critical for fostering adaptive management (Folke et al. 2005;
Olsson et al. 2006).
The purpose of adaptive management and adaptive governance
is to build adaptive capacity, which should be explicitly addressed
in law and resilience. Adaptive capacity is dependent on the ability
to tap local resources by the mechanisms and decisions of governments (Sydneysmith et al. 2010). For example, on the Ivalo River in
Finland, response to flooding events has been improved due to closer
ties between local officials in higher-level agencies (Sydneysmith et al.
20l0). A shock to the system, in the form of a major flood in 2005,
forced improved communication between local, regional, and higherlevel agencies, whereas in the past, institutional barriers between the
leaders and bureaucrats in Helsinki limited the coordination of emergency response (Sydneysmith et al. 2010). Other key aspects of adaptive capacity are social memory and social capital (Adger et al. 2005).
Social memory is generated from local knowledge and the cross-scale
capacity of organizations to adapt to change. Social capital is the
actual and potential resources generated from the scale of interest,
the networks of stakeholders associated with a project, and community engagement. Thus, cultivating local. knowledge and stakeholder
involvement is critical to managing for resilience.
Due to the complexity of social-ecological systems, environmental
governance must account for cross-scale dynamics (Garmestani et al.
2009). Communication and the flow of information across scales are
essential, and bridging organizations have the capacity to foment this
critical aspect for sound environmental management (Garmestani et al.
2009). Adaptive governance revolves around decentralized governance,
stakeholder input, and informal networks. Adaptive management and
adaptive governance are both meant to enhance learning while enabling
continued action in either resource management or governance. A key
area of learning and uncertainty is where, and what, are the critical
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thresholds. Resilience theory differs from equilibrium-based understanding of complex systems in that it explicitly recognizes that alternative states of systems are separated by thresholds. When a system is in
a desirable state, and the exact nature of alternative states is unknown,
it is in humankind's best interest to avoid crossing the thresholds that
separate one state from another. In the following section, we expand
upon the connection between thresholds and resilience.

Thresholds and Resilience

Another essential component for fostering resilience in social-ecological
systems is the identification of critical slow variables (Chapin et al. 2009).
Critical slow variables are those that have strong influence over systems
but remain relatively constant over time due to system self-organization
that generates resilience (Chapin et al. 2009). For example, landscape
functions as a critical slow variable, as there is a threshold of necessary landscape function that, if crossed, can result in the system losing
resilience no matter what mitigation measures are taken (Rietkerk et al.
2004; Smith et al. 2009). Other examples of slow variables include soil
fertility, which can be negatively affected by accelerated crop rotation
cycles, which in turn can result in significant negative consequences for
crop production and human welfare (Cumming 2011), and soil organic
matter that retains pulses of nutrients and releases these resources,
which are then utilized by plants (Chapin et al. 2009). Critical slow.
variables are characterized by functional types and disturbance regimes
and may "slave" fast variables at the same scale (Chapin et al. 2009). If
critical slow variables can be identified, environmental management has
a much better chance of designing management actions that result in
good outcomes. For example, with respect to climate change, the slow
variable of carbon dioxide levels should not be as great of a threat as it
is now becoming, if the fast variable (Le., the political process) were acting as quickly as it could to mitigate climate change (Cumming 2011).
Note, however, that panarchy theory-and reality we believe-suggests
that there are multiple scales of structure and process, and therefore
there is no single critical slow variable, but rather a limited set of critical

374

THE INTEGRATION OF SOCIAL-ECOLOGICAL RESILIENCE AND LAW

variables that are largely responsible for the resilience of complex systems (Gunderson and Holling 2002).
These critical variables are defined by thresholds bounding the upper
and lower levels of a domain of scale. Potential thresholds of concern
(Biggs and Rogers 2003) can be defined as management goals that represent the current understanding of the limits of the resilience of a system (Smith et al. 2009). When a threshold is approached, management
action can be applied, and thresholds can be recalibrated in an adaptive
manner if new information suggests the threshold is incorrect (Smith
et al. 2009). Thresholds should be treated as hypotheses to be put at
risk with monitoring data and represent the multidimensional regime
in which variation is acceptable for system resilience (Smith et al. 2009).
The identification of thresholds is difficult and fraught with uncertainty,
but it is an essential component in resilience science (Walker et al. 2009).
Thus, when working to establish thresholds for specific slow variables,
we must categorize thresholds (Le., known, strongly suspected, and possible) in order to establish the degree of confidence in the threshold estimates (Walker et al. 2009), and adaptive management or other learning
approaches should be embraced to reduce the uncertainty associated
with the knowledge of variables exhibiting threshold behavior and the
location of those thresholds.
Linking thresholds to an adaptive management framework can be an
effective tool for managing for resilience, but it must operate under the
constraints of the law. Legal criticisms of adaptive management have
centered around agencies' using the term "adaptive management" as a
means to allow for informal management, to avoid making hard decisions, or to shirk management responsibility altogether. Linking the
iterative aspects of adaptive management to specific thresholds at which
changes would be warranted in the process would go a long way toward
addressing those criticisms. For examp~e, researchers in Africa identified thresholds in a national park system and have focused monitoring
on critical slow variables (Cumming 2011). If monitoring data indicates
a threshold is being approached, a management response is triggered.
With respect to the national park, if elephant density reaches a level
that cannot be sustained by the park due to landscape constraints (e.g.,
vegetation), actions to reduce the population (e.g., culling, relocation)
must be taken (Cumming 2011).
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Multiscalar Resilience Strategies

In order to manage for resilience, reform of law is likely necessary.
Reforms such as integration of an iterative governance process and
requiring monitoring have the potential to allow our current legal
framework to account for the dynamic nature of social-ecological systems (Benson and Garmestani 2011). Reforms have the capacity to
provide agencies the flexibility they need to actualize a sustainability
transition (Benson and Garmestani 2011). Purely science-based management is incomplete in that it may not account for hard to quantify aspects of human behavior, so it should not be the sole basis for
policy (Brunner et al. 2005). Sound policy should utilize qualitative
and quantitative research, as well as often overlooked sources of information about the system of interest (e.g., local knowledge; Brunner
et al. 2005; Brunner and Steelman 2005). Panarchy provides a framework to link ecological and social systems in a manner that allows
researchers and managers to better understand the cross- and withinscale linkages that are necessary for improved environmental management (Garmestani and Benson 2013). Janssen et al. (2007) show from
case studies that top-down interventions that do not account for or
integrate information and local knowledge from smaller scales lead to
environmental management failures and often make the system more
vulnerable to perturbations. For example, the Oregon Plan, which
established watershed councils at small scales in order to release some
of the tension in the state associated with salmon recovery efforts,
demonstrated that smaller-scale initiatives can be successful when
supported by larger-scale organizations that do not dictate the end
results (Coe-JueIl2005).
One of the key lessons of the legal analysis of resilience is that scale
matters, and thus, sub national governments must play a key role in
actualizing sustainability (Dernbach and Mintz 2011). This is readily
apparent when laws are not harmonized across scales (Dernbach and
Mintz 2011). For example, the state of California implemented climate
change legislation in 2006 to reduce greenhouse gas emissions, but the
law did not address local land use laws (Medina and Tarlock 2010). Litigation challenged the local land use laws, which resulted in the California legislature passing a law in 2008 to encourage less automobile
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use. Thus, command-and-control hierarchical regulation needs to be
supplemented by a suite of scale-specific policy instruments, including information disclosure and market instruments (Schoenbrod et al.
2010). Craig and Ruhl (2010) advocate for scale-specific management
strategies that utilize a suite of legal and policy instruments, including
collaborative governance, reflexive law (e.g., information reporting), and
economic incentives. Scale-specific or place-based governance would
require reform of the law to allow for novelty in environmental management (Craig and Ruhl2010). These legal reforms are necessary, because
economic, environmental, and political conditions; local preferences;
and organizations and institutions vary with scale (Craig and RuhI2010).
Some legal scholars suggest that environmental laws can be made
more effective (Le., scale-specific) by integrating regulation mechanisms
such as community-based social marketing, which is an approach that
seeks to change behavior at small scales via direct contact with people
at the local scale (Kennedy 2010). For example, in a survey of community-based social-marketing case studies, Kennedy (2010) found
that compliance with regulation was increased via community-based
social-marketing approaches. Kennedy (2010) suggests that affirmative motivations combined with deterrence and enforcement has the
capacity to enhance the effectiveness of regulation. Community-based
social marketing uses a structured program designed to remove barriers to change, change environmental behavior via behavior-changing
tools, and engage citizens (Kennedy 2010). Kennedy (2010) points to an
example from Portland, Oregon, as an exaJ:!lple of a successful community-based social-marketing program. In this program, Portland failed
to meet standards under the Clean Air Act, and implemented a nonregulatory incentive program to meet the legal standard. The program
targeted vehicles and lawnmowers, as well as paint and other consumer
products (Kennedy 2010). The program was primarily funded by U.S.
Environmental Protection Agency, but relied upon additional private
donations, as well as the critical component of developing community
partnerships, and resulted in a significant decrease in the emission of
volatile organic compounds (Kennedy 2010). Importantly, regulation
provides community-based social-marketing mechanisms the necessary "teeth" to ensure compliance with the legal standard (Kennedy
2010). The tools to foster change include: getting commitments from
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stakeholders, developing and providing incentives for "good" environmental behavior, utilizing captivating communication strategies, and
offering prompts as mental cues to encourage change (Kennedy 2010).
A critical aspect in this process is to monitor the effectiveness of incentives for changing behavior.
The U.S. Constitution has been characterized as ill-suited for environmentallaw due to its preference for decentralized, fragmented, and
incremental law making (Lazarus 2004). But decentralized law making may offer an avenue for fostering flexibility in law. Decentralization
could act as a mechanism to allow for holistic environmental management, as the spatiotemporal dimensions of governing linked socialecological systems demands creative solutions. Local governments are
more reactive to public opinion at small scales, while federal (and state)
agencies operate at larger scales (Garmestani et al. 2009). Cross-scale
interaction is essential to managing for resilience, and a more diverse set
of management options can manifest when scale is taken into account
in governance (Garmestani et al. 2009). Communication and information flow across and between scales contributes to the adaptive capacity of organizations to effectively manage natural resources (Gunderson
et al. 1995). Intermediaries (e.g., bridging organizations) have the capacity to act as a conduit between organizations operating at different scales
(Garmestani et al. 2009), and bridging organizations, for instance, can
create opportunities for collaboration between diverse stakeholders,
which is key for sound environmental governance (Brown 1993).
Fostering redundancy of function in the roles of management entities
may appear inefficient, but in light of the likelihood of increasing nonlinear change, this redundancy provides cross-scale resilience by affording more policy space for experimentation and could promote synergy
between agencies working on similar problems at different scales (Ruhl
2011). As previously mentioned, a variety of policy instruments should
be developed and implemented at the intended scale of the policy outcome (Garmestani et al. 2009). For example, Flournoy and Driesen
(2010) have proposed the ECS, which allows for anyone who makes an
environmental improvement to collect the cost of making that improvement (plus a premium set by the statute) from competitors who pollute
more. This statute would create a "race to the top" for environmental
innovators, as those who perform best collect money, and those who do
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poorly pay for their competitor's environmental innovations (Flournoy
and Driesen 2010). This statute could harness the nimbleness and innovative capacity of the private sector to create the conditions for discontinuous leaps in environmental innovation. Of course, this is easier
said than done, due to cross-scale dynamics, but treating policies as
hypotheses to be put at risk could help to improve environmental governance (Garmestani et al. 2009). As we have yet to develop the capacity
to directly measure system resilience (but see Allen et al. 2005), "surrogates" for systems should be developed when conducting resilience
science (Carpenter et al. 2005). Resilience surrogates are based upon
stakeholder assessments, models, historical profiling, and case studies
(Carpenter et al. 2005). In particular, researchers should use models and
scenario analysis to reveal processes that act to stabilize or destabilize a
system; this practice could lead to identification of resilience surrogates
(Carpenter et al. 2005). Examples of resilience surrogates include: distance of a system variable from a system threshold, the rate at which a
system variable is moving toward or away from a threshold, and external
perturbations (e.g., shocks, controls) that could alter the rate of change
of a system variable (Bennett et al. 2005).

Conclusion
Barring the development of entirely new law (e.g., National Adaptive
Management Act; Ruhl 2005), legal reforn: is needed, as is identification of ecological thresholds that capture the resilience of an ecosystem. Ecological thresholds can then be linked to legal thresholds, which
would allow for an iterative process of recalibrating thresholds in light
of new information, what has been called a "rolling rule" (Karkkainen
2005) approach to ecosystem management. The lessons learned from
this volume allow us to condense our understanding into the following
key aspects for integrating social-ecological resilience and law:
1. Reform of law
• Reduce front-end decision making in law making and replace
it with an iterative back-end process; this will require reform of
administrative law.
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• In addition, reform administrative law to maximize diversity,
increasing the chances of including leaders and connectors in the
process.
2. Adaptive management and adaptive governance
• Utilize adaptive management and adaptive governance, which
allow for a variety of mechanisms (e.g., stakeholder participation,
intermediaries, market tools, information disclosure, land trusts
[Garmestani et al. 2012]) to reach environmental goals.
• Account for scale: Allow for creativity in local and regional environmental governance (place-based governance, context-dependent).
• Require communication and information flow between management entities and non management entities in order to foster
social-ecological resilience.
3. Monitoring
• Require and fund monitoring of ecological systems and agency
actions (organizational learning).
• Employ scale-specific metrics for environmental management
(e.g., leading indicators, sustainability metrics).
• Link ecological thresholds to required management action (legal
requirements) to implement adaptive management in the system
of interest.
Humankind's rich heritage of experimentation in governance and
management offers hope that some of the ideas that have been put forward here will be embraced. The critical lesson of resilience theory is
that barring some significant actions on humankind's part, the further
accrual of more and more rigid regulations and laws will inevitably result
in adverse consequences for social-ecological systems. The approaches
put forward here offer a different path and outcome.
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